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SUMMARY AND FINAL CONCLUSIONS
Myas then ia  Grav is  i s  an  au to immune d isease  c l in i ca ' l  1y  cha-
rac ter ized  by  f luc tua t ing  weakness  o f  the  vo lun tary  musc-
I  es and immuno' l  g i  ca1 1y by the presence of  autoant i  bodi  es
to  the  ace ty lcho l ine  receptors  in  the  neuro-muscu lar  junc-
t i  on .
In  the  In t roduc t ion  (chapter  I )  the  backgrounds o f  "au to"
immune reac t ions  are  d iscussed in  re la t ion  to  "normal  "
immune reac t ions .  Some mode ls  on  immunoreac t iv i t y  a re  p re-
sented in the context  of  the existence of  auto immune dis-
ease,  w ' i th  spec i  a1  a t ten t i  on  to  the  consequences  o f
Jerne 's  id io type an t i id io type ne twork  theory  fo r  se l f -
recogn i t ion  sys tems.  I t  i s  s ta ted  tha t  au toant ibody  pro-
duc t ion  i t se l f  may no t  be  abnormal .  The fac t  tha t  pa tho lo -
g ica l  concent ra t ions  o f  these au toant Íbod ies  are  produced
imp l ies  tha t  th i s  au toan t ibody  p roduc t ion  i s  no t  we l l  re -
gu1 ated i  n auto immuni  ty .
Mechan isms lead ing  to  the  induc t ion  o f  au toant ibody  pro-
duc t ion  are  presented  and i t  i s  sa id  tha t  bo th  au toant igen
presenta t ion  and T-ce l ' l  regu la t ion  o f  the  an t ibody  produc-
t Íon  may be  abnormal  in  au to immuni ty .  In  Myasthen ia  Grav is(MG)  the  major  abnormal i t y  i s  the  presence o f  au toant ibo-
d ies  to  the  ace ty lcho l ine  receptor  (AChR)  and i t  has  been
shown tha t  these an t ibod ies  are  o f  d i rec t  pa thogenÍc  s ig -
n i f i cance.  To  unders tand the  pa thophys io logy  o f  MG the
ro le  o f  the  AChR in  the  neuro-muscu lar  t ansmiss ion  Ís
descr ibed shor t l y .
A  second  poss ib ly  d isease  spec i f i c  charac te r i s t i c  o f
MG is  the  f requent  inc idence o f  thymic  abnormal i t ies .  Many
pati  ents wi th MG have ei ther a thymoma or a hyperp' l  ast ic
thymus wi th germina' l  centre format ion.  The aim of  the pre-
sent  s tudy  was a)  to  s tudy  the  c l in ica l  s ign i f i cance o f
the  an t i -AChR autoant ibod ies  and b)  to  s tudy  the  ro le  o f
the  thymus in  th is  au toreac t iv i t y .
Chapter  I I  descr ibes  a  s tudy  in  250 pa t ien ts  wÍ th  MG in
whom the  presence o f  an t i -AChR is  ana lysed in  re ' la t ion  to
severa l  c ï in ica l  parameters .  I t  was  found tha t  there
was no  d i rec t  re la t ion  be tween the  c I Ín ica l  sever i ty  and
the  an t i -AChR leve l ,  when  s ing le  measurements  in  pa t ien ts
urere analysed.  However,  h igh ant i -AChR I evel  s  were found
predominant ly  in  pa t ien ts  w i th  ear ly  onset  o f  d isease and
in  pa t ien ts  w i th  a  thymoma,  wh i le  low an t Í -AChR leve ls
were  found in  pa t ien ts  w i th  la te  onset  o f  d isease.  The
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absence o f  an t i -AChR in  L5% of  the  s tud ied  pa t ien ts  was
re la ted  to  ocu la r  d isease  w i thou t  genera f  i za t jon  and  to
immunosuppressive th rapy and/or  thymectomy.
Si  nce most  of  the untreated pat i  ents wi  th general  i  zed
d isease  had  de tec tab le  an t i -AChR (95% o f  the  pa t ien ts ) ,
and " f  a l  se"  pos i  t i  ve  an t i  -AChR I  eve l  s  were  on ' l y  found i  n  a
few thymoma pat ien ts  w i thout  MG and in  rheumato id  a r th r i -
t i  s  pat i  ents t reated wi  th d-peni  c i  I  I  arn i  ne e i  ther  wi  th
symptoms o f  MG or  no t  ( resu l ts  no t  shown)  - ,  the  presence
o f  an t i -AChR is  o f  g rea t  d iagnos t i c  s ign i f i cance .
Chapte r  I I I  desc r ibes  a  fo l l ow-up  s tudy  in  75  pa t ien ts  in
whom the  c l in i ca l  s ta te  g raded  on  a  6  po in t  sca le  and
the  serum ant i -AChR leve l  were  assessed f requent ly .  The
relat ion between changes in these two parameters was ana-
' lysed i  n t reated and untreated pat i  ents,  recei  v i  ng only
ant icho l  i nes terase drugs .  A  s t rong cor re l  a t ion  be tween
these two parameters  was found dur ing  cor t i cos tero id  and
azathiopr i  ne therapy and i  n the per i  od af  ter  thymectoÍrV,
wh i le  i t  was  no t  seen  in  the  un t rea ted  pa t ien ts .  Spec i f i -
ca1  1y  n0  changes i  n  an t i  -AChR were  seen when c l  i  n ica l
improvement was due to the ef fect  of  ant ichol  i nesterase
therapy  or  i f  de ter io ra t ion  was caused by  in fec t ion  or
emot ion .  The  resu l t s  a f te r  p lasma-exchange  were  var iab le :
the  an t i  -AChR I  eve l  s  usua l  1y  fe l  I  a f  te r  the  p ' l  asma-exchan-
ge to  50-25% of  the  pre- t rea tment  leve ls ,  bu t  the  c l in ica l
e f fec t  cou ld  be  very  impress ive ,  f f i i n ima l  o r  absent .  Gene-
ra11y  i t  was  conc luded tha t  ser ia l  measurement  o f  an t i -
AChR re f lec ts  the  bas ic  t rend o f  the  MG in  severe ly  a f -
fec ted  pa t ien ts .
In  chapter  IV  the  prev ious  fo l low-up s tudy  is  ex tended in
39 pat ients af ter  thym(om)ectomy. In the 30 non-thymoma
pat ien ts  the  pre- thymectomy ant i -AChR leve ls  were  pos i t i -
ve ly  cor re la ted  w i th  the  sever i ty  o f  d isease.  Most  (27 /30)
non-thymoma pat ients improved dur ing the two-year fo l low-
up study af ter  thymectomy and in genera ' l  a  h ighly s igni f i -
can t  cor re la t ion  was found be tween the  change in  an t i -AChR
and the  change  in  c l i n i ca l  cond i t i on .  The  c l in i ca l  impro -
vement  was no t  cor re la ted  w i th  the  h is to log ica l  p ic tu re  o f
the  thymus or  w i th  the  preopera t ive  an t i -AChR leve l .
In  the  9  thymoma pat ien ts  the  resu l ts  were  less  cons js ten t
and most  pat ients had to be t reated wi th stero ids or  aza-
th iopr ine ,  i r te r fe r ing  w i th  the  e f fec t  o f  thymomectomy.
Chgpter  V shows the resul ts  of  a study on in v i t ro IgG and
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IgM product ion by per ipheral  b lood lymphocytes f rom MG
pat ien ts .  Th is  s tudy  was under taken to  be  ab le  to  inves t i -
ga te  the  au toant ibody  produc t ion  in  these cu l tu res  (chap-
te r  v I ) .  Two ma jo r  d is tu rbances  were  found  in  the  in  v i t ro
immunog lobu l  i n  p roduc t ion .  F i rs t ,  an  inc reased  p roduc t ion
o f  p redominan t l y  IgG was  found  in  the  uns t imu la ted  cu l -
tu res .  Second,  a  decreased response o f  espec ia l  ] y  IgM
synthes is  was found upon Pokeweed mi togen s t imu la t ion .
Th is  resu l ted  in  a  decreased  ra t io  o f  IgM/ IgG in  bo th
uns t ' imu l  a ted  and s t imu l  a ted  cu l  tu res  o f  MG pat i  en ts  com-
pared to  cont ro ls .  No spec i f i c  in f luence o f  thymectomy on
these abnormal  i  t i  es coul  d be i  dent ' i  f  i  ed and these def  ects
may re f lec t  a  genera l  d is tu rbance in  immunog lobu l in  syn-
thes is  in  MG.
Chapter  VL presents  the  pokeweed mi togen induced in  v i t ro
autoant ibody product ion by per ipheral  b lood lymphocytes
f  rom MG pat i  ents .  Th i s  i  n  v i  t , ro product i  on was onl  y  found
in  pa t ien ts  w i th  re la t i ve ly  h igh  serum an t i -AchR leve ls .
l . Ihen  pa t ien ts  w i th  comparab le  h igh  serum ant i -AchR leve ls
were  s tud ied ,  i t  was  found tha t  the  produc t ion  o f  an t i -
AchR was much h igher  in  non- thymectomized pa t ien ts ,  than
i  n pat ' ients af  ter  thymectomy 
"  The resul  ts  i  n  pat i  ents wi  th
a thymoma were intermediate.  The in v i t ro ant i -AchR pro-
duc t ion  in  thymectomized pa t ien ts  re f lec ted  the  e f fec t  o f
thymectomy. In the non-thymectomized pat ients the in v i t ro
ant i -AchR produc t ion  was re l  a ted  to  the  cor respond i  ng
serum ant i -AChR leve ls .  I t  i s  conc luded tha t  thymectomy
resu l t i ng  in  c l i n i ca l  improvement  a lso  leads  to  the  d ' i  sap-
pearance of  autoreact ' ive B-cel  I  s  f rom the per i  pheral  b l  ood
and that the thymus may be the central source of these
c i rcu la t ing  au to reac t i ve  ce l  I  s .
I !  chap te r  V I I  the  resu l t s  o f  an  immuno-h is to log ica l  s tudy
of  the  hyperp las t ic  thymus in  MG are  presented .  In  th is
s tudy  h igh ]y  pur i f  ied  human AChR and monoc lona l  an t ibod ies
to th is  preparat ion were used to demonstrate the presence
o f  AChR and  o f  an t i -AchR produc ing  ce l l s  in  the  thymus .
Numerous  AChR bear ing  ce l l s  cou ld  be  demonst ra ted  in  the
thymic  medu l la  and  in  a  m inor i t y  o f  the  pa t ien ts  a lso  in
the  thymic  fo l l i c les .  The  medu l la ry  ce l l s  d id  no t  have
leucocy te  membrane markers  (0KTl0 ,  0KTl l  and 81) .  The AchR
bear ing  ce l l s  in  the  fo l l i c les  were  demons t ra ted  to be  B-
ce l l s  and  i t  i s  d i scussed  tha t  these  ce l l s  p robab ly  p ro -
duce  an t i i d io typ ic  an t ibod ies  to  the  an t i -AChR au toan t i -
bod i  es .
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Fina l ' l y  i t  was  demonst ra ted  d i rec t ' l y  tha t  au toant igen b in -
d ing  ce l l s  cou ld  be  found  in  the  thymic  fo l l i c les .  These
cel  I  s  proved to be 1 arge B-cel  I  s  and thus represent  the
autoant i  body produc' i  ng cel  I  s .  Thi  s  study dernonstrates a
d i rec t  l ink  be tween the  au toant ibody  produc t ion  in  MG and
the  presence o f  germina l  cen t res  in  the  thymus.
F i  na l  conc l  us ions
In  th i s  thes is  i t  i s  shown tha t  the  au toan t ibod ies  to  the
ace ty lcho l ine  recep to r  p lay  a  ma jo r  ro le  in  Myas then ia
Grav is .  The  p resence  o f  an t i -AChR is  o f  g rea t  d iagnos t i c
impor tance  and  quan t i ta t i ve  fo l l ow-up  s tud ies  a re  o f  he lp
i  n moni  tor ' Í  ng the course of  the d i  sease.
Espec ia l ' l y  a f te r  thymectomy the  spec i f i c  e f fec t  o f  th is
t rea tment  on  the  d isease was re f lec ted  in  the  au toant ibody
leve ls .  A lso  the  in  v i t ro  au toan t ibody  p roduc t ion  s tudy
po' i  n ts to the centra l  ro le of  the thymus in the auto immune
response i n MG. The immuno-hi  s to l  ogi  ca ' l  s tudy showed that
au toan t igen  reac t i ve  ce l l s  a re  p resen t  in  the  hyperp las t i c
thymus and these ce l l s  a re  most  l i ke1y  genera ted  in  the
germina l  cen t res ,  wh ich  wou ld  exp la in  the  c l in i ca l  and
immunological  ef fects of  thymectomy. Thymectomy resul ts  in
e l  im i  na t ion  o f  the  genera t ion  s i te  o f  au toreac t ive  B-
ce' l  1  s,  resul  t i  ng i  n a d i  sappearance of  these cel  I  s  f rom
the  c i rcu la t ion  and  f ina l l y  in  a  dec l ine  in  au toan t ibody
produc t ion  in  the  bonemarrow.
Somet imes thymectomy does  no t  have a  ben i f i c ia l  c l in ica l
e f fec t  and  in  these  pa t ien ts  we  d id  no t  see  a  dec l ine  in
serum an t i -AChR leve ls .  A lso ,  i n  these  pa t ien ts  au to reac-
t i ve  B-ce l l s  were  s t i l l  p resen t  in  the  per iphera l  b lood .
l ^ le  have to  assume tha t  in  these pa t ien ts  e i ther  the  surg i -
ca l  ex t i rpa t ion  was no t  success fu l  o r  tha t  o ther  p roduc-
t ion  s i  tes  o f  au toreac t i  ve  B-ce l  I s  a re  p resent .  These
s i tes  may  be  loca l i zed  in  ec top ic  thymic  t i ssue  o r  e .g .  i n
per iphera l  l ymphnodes.
In th is  respect  pat ients wi th a thymoma have to be seen as
a separate popu' l  at ion. We have the idea that thymomectomy
does not  induce c l  i  n ical  improvement,  d i  sappearance of
au toreac t ive  B-ce l l s  f rom the  per iphera l  b lood and dec l ine
in  serum ant i -AChR.  Bes ides ,  pa t ien ts  w i th  a  thymoma a lso
have o ther  au toant ibod ies  and germina l  cen t re  fo rmat ion  is
uncommon i  the tumourous thymus.  The auto immune r sponse
i  n  these pa t i  en ts  usuaï ' l y  no t  HLA-88/Dr3  must  have a
I24
di  f ferent  a(
mus pï ays a




GermÍna l  cen
al  so be seer
d Í  seases  I  i k
a r th r Í t i s .  y
quen t  in  MG
two cel I pc
reacted wf il
f  i  r s t  ce ï ' l  s ,
dant  in  the
determined wl
to do wÍ th au
0n the other
the germinaï
c Í f i c  monoc lc
these cel  I  s
duced an  an t i
the  au tos t imu
to produce an
i df otype a
pa t Íen ts  and
may be produc
I  n t roduc t Í  on ,
be respons i  b ' l
s tudy  Í t  a l so
g'l obul i ns may
s ince  the  numl
the  fo l  I  i c les
o thers  tha t  t
an t i -RChR/u9 I
may impl f  cate
res t r Íc ted  tha
Future resear(
au toreac t ive  E
af te r  success f
cal  ef fects o1
f ind ings  in  t l
ser fes  o f  pa t
r t i  gen b i  n-
1es .  These
resent the
nstrates a
r  in  MG and
l ies to the
Myasthen' i  a
di  agnost ' ic
are of he1 P





ryperpl  ast i  c
ated i n the
I  i  n ica l  and
r resul  ts  i  n
reac t ive  B-
cel I s from
autoanti  bodY
i  a l  c l  i  n i ca l
a  dec l ine  in
ts autoreac-
heral  b l  ood.
r  the surgi  -
ther  produc-
lsen t .  These
re  o r  e .g .  i n
ro be seen as
thymomectomY
ppearance of
t  and decl  i  ne
thymoma l so
format ion  is
nune response
must  have a
di f ferent  aet io logy.  Our studies rnade c lear  that  the thy-
mus p' l  ays a central rol e i  n the autoi rnmune reacti  on i  n MG
and the  c l in ica l  as  we l l  as  immuno log ica l  e f fec ts  o f  thy -
mectomy in pat ients wi th a hyperplast ic  thymus may be
understood.  Hor ' /ever ,  we have not  been able to expla in why
the  thymus p lays  th is  ro le .
Germina l  cen t re  fo rmat ion  is  no t  spec i f i c  fo r  MG,  bu t  can
a lso  be  seen in  o ther  d iseases ,  espec ia ' l  1y  in  au to immune
d iseases  l i ke  sys temÍc  lupus  ery thematosus  and rheumato id
ar thr i  t i  s .  Yet ,  the germi na ' l  centres are much more f re-
quent  in  MG and i f  p resent ,  more  abundant .  In  our  s tudy
two cel  I  popul  at ions were found i  n the thymus which
reac ted  w i  th  AChR-spec i  f i c  monoc l  ona l  an t ibod i  es .  The
f i  rst ce1 1 s ,  reacti  ng wi th Mab AChR-S- 1 , b,ere very abun-
dant  in  the  thymic  medu l la  in  MG and i t  has  ye t  to  be
determined whether  these non- lympho id  ce l l s  have any th ing
to  do  w i th  au toant igen presenta t ion .
0n  the  o ther  hand,  in  two pa t ien ts ,  ce11s  were  found in
the germinal  centres which reacted wi th another AChR spe-
c i f i c  monoc lona l  an t ibody .  These  were  B-ce l l s  and  e i the r
these cel  I  s  carr ied an AChR-l  ike st ructure or  they pro-
duced an  an t i id io type.  These ce l l s  may be  respons ib le  fo r
the  au tos t imu la t ion  as  we l l .  I f  these  ce l l s  can  be  shown
to  produce an t i id io type,  then i t  can  be  conc luded tha t  the
id io type an t i id io type ne twork  i s  func t ion ing  in  these
pat ien ts  and tha t  bo th  the  id io type and the  an t i id io type
may be  produced in  the  same fo l l i c les .  As  s ta ted  in  the
Introduct ion,  aberrant  funct ion of  th is  network system may
be respons ib le  fo r  the  au toant ibody  produc t ion .  In  our
study i  t  al  so seemed 1 i  ke' ly that other auto? immuno-
91obu1 ins  may be  produced in  the  thymic  fo l l i c les  as  we ' l  
' l  
,
s ince  the  number  o f  AChR b ind ing  B-ce l l s  va r ied  w ide ly  in
the  fo l l i c les .  Th is  i s  in  agreement  w i th  the  f ind ing  o f
o thers  tha t  the  spec i f i c  an t i -AChR concent ra t ion  in  fmo l
an t i -AchR/ug IgG var ies  in  d i f fe ren t  thymic  cu l tu res .  Th is
may imp l ica te  tha t  the  au to immune d isorder  in  MG is  less
restr ic ted than we now suppose.
Future research wi l l  have to prove the hypothesis that
autoreact i  ve B-cel  I  s  d i  sappear f rom the per i  phera ' l  b l  ood
af te r  success fu l  thymectomy.  The c l in ica l  and immuno log i -
cal effects of thymectomy shoul d be correl ated wi th the
f ind ings  in  the  immuno-h is to log ica l  s tud ies  in  a  la rger
ser ies  o f  pa t ien ts .  In  these s tud ies  o ther  a1  ready
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ava i lab le  monoc lona l  an t ibod ies  cou ld  be  used to  conf i rm
the  p resen t  f i nd ings .
These studies could be extended to pat ients wi th a thymoma
to see whether autoant igen presentat ion is  present  in  the
thymoma.  I t  i s  expec teà  tnà t  th is  mechan ism wi l l  d i f fe r
f rom pat ients wi th a hyperplast ic  thymus and that  no auto-
reac t ive  B-ce l l  con ta in ing  germina l  cen t res  w i l l  be  found.
f ing l1y ,  the  monoc lona l  an t ibod ies  may  be  o f  he lp  in  i so -la t ing  the  AchR bear ing  and an t i -AchR-produc ing  ce l l s  f rom
the thymus to study the mechanisms involved in the auto-
reacti  vi  ty .
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